Introduction
Global legume production is currently on the rise due to the increasing nutritional and economic significance of legume seeds (Chandra-Hioe et al., 2016) . Legume seeds have been used primarily in diets for broiler chickens (Moschini et al., 2005; Hejdysz et al., 2016) , but also for turkeys (Zduńczyk et al., 2014a; Przywitowski et al., 2016) and laying hens (Drażbo et al., 2014; Zduńczyk et al., 2014b) . Faba beans (FB) are among the most extensively researched legume species in Europe, due to their high content of protein (about 26%) and starch (about 30%) as well as high concentrations of amino acids, comparable with soyabean meal (SBM) (Fru-Nji et al., 2007) . FB (Vicia faba L.) are considered a valuable source of protein, energy and other nutrients in poultry nutrition. However, the presence of antinutritional factors such as tannins, protease inhibitors, oligosaccharides and non-starch polysaccharides (NSP), as well as a low content of sulphur-containing amino acids reduce the nutritional value of FB, and can negatively affect nutrient utilisation and animal performance (Hejdysz et al., 2016) . Oligosaccharides ABSTRACT. The aim of the study was to evaluate the effects of partial replacement of soyabean meal (SBM) with 35% of raw or fermented faba beans (RFB and FFB, respectively) on the development of the gastrointestinal tract and growth performance in young turkeys. FB were fermented with Lactobacillus plantarum. In comparison with RFB, FFB had similar crude protein content, but lower NDF and higher ADF contents. Partial replacement of SBM with FB seeds led to a decrease in wheat content, and an increase in the contents of highprotein components (by approx. 22 percentage points) and soyabean oil (by 2.5 percentage points) in turkey diets. The dietary inclusion of RFB and FFB did not affect the viscosity of small intestinal digesta. In comparison with the SBM diet, the RFB diet significantly decreased the concentrations of ammonia and butyric acid, reduced the activities of some microbial enzymes in the caecal digesta, but did not affect the concentrations of putrefactive and total short chain fatty acids (SCFAs). In comparison with the RFB diet, the FFB diet did not improve the turkey growth performance, but had a positive impact on fermentation processes in the caeca, which was reflected in an increase in the total concentrations of SCFAs and a decrease in ammonia concentration in the caecal digesta. So, dietary supplementation with 35% of FB does not compromise the growth performance of turkeys from 1 to 8 weeks of age. Fermentation of FB with Lactobacillus plantarum improves selected parameters of caecal functioning, but does not improve the growth performance of young turkeys. and NSP are not degraded by digestive enzymes in monogastric animals, and their presence is closely correlated with the viscosity of small intestinal digesta, thus affecting the rate of feed passage and impairing gastrointestinal functioning (Liang, 2000; Jankowski et al., 2009) . The presence of antinutritional factors limits the use of raw legumes in poultry diets. Various processing techniques can be employed to lower the levels of antinutritional factors in FB seeds while increasing their protein content (Laudadio et al., 2011) .
Fermentation is a simple processing technique that long time ago has been deployed to improve the nutritional value and functional properties of original products (Frias et al., 2008) . It has also been widely used to enhance the bioavailability of nutrients (Hotz and Gibson, 2007) and remove undesirable compounds from legumes and other feed ingredients (Mukherjee et al., 2016) . The effect of fermentation is determined by the substrate and the nature of the process, nevertheless according to Rozan et al. (1996) fermentation contributes to the degradation of 84% of carbohydrates, 30% of lignin and 47% of total glucosinolates in rapeseed meal. This technique lowers the content of flatulence-causing factors in legumes, increases protein concentration and improves protein digestibility through the hydrolysis of high-molecular-weight proteins into peptides and amino acids (Teng et al., 2012) . According to Amadou et al. (2010) , fermentation increases trypsin digestibility in vitro and nitrogen solubility under alkaline conditions. In the fermentation process a wide variety of microorganisms, mainly yeasts and fungi, are used. Lactic acid bacteria, including Lactobacilllus, Lactococcus, Streptococcus, Leuconostoc and Pediococcus are also applied due to their unique organoleptic properties (Liu et al., 2011) .
In the previous studies it was revealed that fermented soyabeans, soyabean derivatives and rapeseed meal had a positive influence on the growth performance of broiler chickens (Hirabayashi et al., 1998; Feng et al., 2007) . However, the effect of fermentation on the nutritional value of FB remains insufficiently investigated. There is no available information on the efficacy of fermented FB in turkeys, or on the effects of fermented legumes on gut function in poultry.
Therefore, the objective of this study was to determine the effect of raw and fermented FB in the diets of young turkeys (up to 8 weeks of age) on the growth performance and the physiological response of the gastrointestinal tract.
Material and methods
The study protocol was approved by the Local Ethics Committee for Animal Experiments in Olsztyn. The animals were maintained accordingly to the guidelines comparable to EU Directive 2010/63/EU.
Faba beans
Certified dark-coloured FB seeds var. Bobas were used in the experiment (COBORU, 2011) . Before bacterial fermentation, FB seeds were crushed using the H-790 Crushing Roller Mill (Rolmako, Wrzesnia, Poland), and were mixed with water containing the Lactobacillus plantarum strain LMG 6907 in a 1:1 ratio. The concentration of lactic acid bacteria in wet seeds was 2.4 × 10 7 CFU · g −1 . Fermentation was carried out at 30-32 °C for 36 h, in sealed containers, until pH 4.0 was achieved. Wet seeds contained 28.2 g · kg −1 of total organic acids (including 77.1% of lactic acid, 14.0% of acetic acid and 7.9% of butyric acid), and had low ethanol content (0.71 g · kg −1 ), which indicates that fermentation was conducted properly. After fermentation, the seeds were dried at 45 °C for 24 h on perforated metal sheets with blowing air.
Birds, housing and diets
In total, 288 day-old female Hybrid Converter turkeys, obtained from a local commercial hatchery, were randomly allocated to 3 dietary treatments with 6 replicates per treatment and 16 birds per replicate. Turkeys were raised in pens on litter until 8 weeks of age. The initial body weight (BW) of 1-day-old poults was 63 ± 3 g. Indoor temperature was 32 °C at the beginning of the experiment, and 22 °C at the end of week 8. The adopted lighting program was: 24 h light with an intensity of 100 lx in the first 72 h, followed by 18 h light per day until day 14, and 16 h light per day until the end of the trial. Light intensity was reduced to 5 lx between days 3 and 7, and it was gradually increased to 15 lx as of week 5.
During each of two feeding phases (weeks 1-4 and 5-8), birds were ad libitum fed isoenergetic diets containing 27.0 and 25.0% of CP, respectively, according to nutrient requirements for turkeys (Hybrid Turkeys, 2014) . A control wheat-SBM-based diet (C) and diets containing 35% of raw or fermented FB seeds (RFB and FFB, respectively) as a substitute for SBM, wheat and other ingredients were formulated in each feeding stage. All diets contained similar amounts of major amino acids (including lysine, methionine with cysteine, threonine), minerals (including calcium and available phosphorus), and vitamins (Table 1) . Before inclusion into diets, RFB and FFB with hulls were ground to pass through a 4-mm sieve in a hammer mill (Jesma Company, Sprout Matador, Denmark). Complete diets were pelleted at 65 °C using the same pelleting machine (Jesma Company, Sprout Matador, Denmark) in the Agrocentrum feed mill (Kaleczyn, Poland). Starter diets were offered as crumbles whereas grower diets (weeks 5-8) were prepared as 3-mm pellets.
Sample collection
At the end of each 4-week period, body weights (BW) of turkeys and feed intake were recorded, and each pen was considered an experimental unit. Body weight gain (BWG), daily feed intake (DFI) and feed conversion ratio (FCR) were calculated for each group. Mortality rates, including their causes, were recorded daily, and the body weights of dead birds were used to adjust average BWG, DFI and FCR. At the end of the experiment, at 56 day of age, 8 representative birds per group were slaughtered by cervical dislocation to collect the test material.
Segments of the digestive tract (small intestine and caeca) were removed, emptied and weighed; digesta samples were collected, caeca were flushed with water, blotted on filter paper and weighed. The ileum was defined as the segment from Meckel's diverticulum to the ileo-caecal junction. After euthanasia (about 20 min), pH was measured in the digesta collected from each segment using a microelectrode and a pH-ion meter (model 301, Hanna Instruments, Vila do Conde, Portugal).The collected Table 1 . Ingredient composition and nutrient content of control diet (C) and experimental diets containing raw or fermented faba bean seeds (RFB and FFB, respectively) fed to turkeys from 1 to 8 week of age, %, as-fed basis unless indicated otherwise
Indices
Weeks 1 
Chemical analysis
Representative samples of RFB and FFB were analysed in duplicate for DM (method 934.01), crude protein (CP, N × 6.25: method 976.05), ether extract (EE: method 920.39), ash (method 942.05), crude fibre (CF: method 978.10), neutral detergent fibre (NDF: method 2002.04) and acid detergent fibre (ADF: method 989.03), as described by AOAC International (2005) . The contents of NDF and ADF were determined using an Ankom fibre analyser (Ankom Technology, Macedon, NY, USA). Gross energy (GE) was determined in RFB and FFB with the use of a Parr Adiabatic Oxygen Bomb Calorimeter (Werke C2000, IKA, Staufen, Germany). The organic acid composition and ethanol content of FB after fermentation were determined by high-performance liquid chromatography (Shimadzu, Kyoto, Japan) using the method proposed by Kostulak-Zielińska and Potkański (2001) .
For digesta viscosity measurements, samples of the small intestinal contents (6 cm 3 ) were collected, mixed on a vortex mixer and centrifuged at 7211 g for 10 min at 21 °C. The supernatant (0.5 ml) was placed in a Brookfield LVDV-II+ cone-plate rotational viscometer (CP40; Brookfield Engineering Laboratories Inc., Stoughton, MA, USA) and viscosity was measured at a fixed temperature of 39 °C and a shear rate of 60 per min. Ammonia (NH 3 ) was determined by micro-diffusion analysis in Conway's dishes (Hofírek and Haas, 2001) and SCFAs were analysed by gas chromatography (Shimadzu GC-2010, Kyoto, Japan) equipped with a capillary column (SGE, BP21, 30 m × 0.53 mm, SGE Europe Ltd., Kiln Farm Milton Keynes, UK). Samples (0.2 g) were mixed with 0.2 ml of formic acid, diluted with deionised water and centrifuged at 7211 g for 10 min. The supernatant was loaded onto a capillary column (SGEBP21, 30 m × 0.53 mm) using an on-column injector. The initial oven temperature was 85 °C, it was raised to 180 °C by 8 °C · min −1 and held for 3 min. The temperatures of the flame ionisation detector and the injection port were 180 °C and 85 °C, respectively. The sample volume for GC analysis was 1 µl.
The activities of bacterial enzymes (α-and β-glucosidase, α-and β-galactosidase, β-glucuronidase, α-arabinopyranosidase, α-arabinofuranosidase β-xylosidase, cellobiosidase) released into the caecal environment were measured as the rate of p-or o-nitrophenol release from their respective nitrophenylglucosides. The reaction mixture contained 0.3 ml of a substrate solution (5 mM) and 0.2 ml of a 1:10 (v/v) dilution of the caecal sample in 100 mM phosphate buffer (pH 7.0) after centrifugation at 7211 g for 15 min. Incubation was carried out at 39 °C, and p-nitrophenol was quantified at 400 nm and at 420 nm (onitrophenol concentration) after the addition of 2.5 ml of 0.25 M cold sodium carbonate. Enzyme activity was expressed as μmol of the product formed per h per g of digesta. The above procedure applies to the extracellular activities of bacterial enzymes released from bacterial cells into the gastrointestinal environment (Juśkiewicz et al., 2011) .
Statistical analysis
The results of the experiment were verified by one-way ANOVA, and significant differences between groups were determined by Duncan's multiple range test. Data variability was expressed as a pooled standard error of the mean (SEM). The differences were considered significant at P ≤ 0.05, and the values 0.05 < P < 0.10 were considered as a near-significant trend. The software package version 10 (StatSoft Inc., 2011) was used for statistical calculations.
Results

The effect of partial replacement of SBM with RFB
In comparison with SBM, RFB had three-fold lower fat content, nearly two-fold lower protein content and two-fold higher NSP content determined as NDF and ADF ( Table 2 ). In SBM, the content of NDF and ADF was almost two-fold lower. In comparison with SBM, RFB had higher gross energy content (18.5 vs 18.2 MJ · kg −1 ) and lower crude ash content (2.87 vs 6.47%). In comparison with the control diet (C), the RFB diet was characterised by similar concentrations of CP and major amino acids (lysine, methionine with cysteine and threonine), and a higher content of NDF and ADF (Table 1) . Diets containing FB seeds had more crude fat because their metabolizable energy content was adjusted by the addition of soyabean oil.
The dietary inclusion of RFB as a partial substitute for SBM and wheat numerically changed the basic parameters of small intestinal and caecal function, but only ceacal digesta ammonia was significantly affected (Table 3) . Turkeys fed the RFB diet were characterised by lower ammonia levels in the caecal digesta (P = 0.001). In addition, the RFB diet contributed to higher weight of the small intestine, a lower pH of intestinal digesta and a lower DM content of caecal digesta, with P-value in the range of 0.061-0.071. No significant differences were found in the weights of caecal tissue and caecal digesta, or the pH of caecal digesta between turkeys fed C and RFB diets.
In comparison with the C diet, the RFB diet significantly reduced the activities of β-glucosidase and β-xylosidase, whereas the activities of other enzymes of caecal microflora, including β-glucuronidase, α-arabinofuranosidase, α-arabinopyranosidase and cellobiosidase, were similar in both groups (Table 4 ). In the RFB group, the concentration of butyric acid was lower (P = 0.007), whereas the concentrations of the remaining acids and total SCFAs were similar to those found in the C group. No significant differences in putrefactive SCFA concentrations were noted between the groups, but the share of butyrate in the total SCFA pool was significantly lower in the RFB group.
The inclusion of 35% of RFB into turkey diets had no influence on the growth performance parameters of birds, including BWG, DFI and FCR (all P > 0.05; Table 5 ). During the performance trial, one turkey died in the control group. None of the turkeys in the RFB treatment died during the experiment.
The effect of replacing RFB with FFB
FB seeds subjected to fermentation and drying had similar CP content, slightly lower NDF content and higher ADF, as compared with RFB (Table 2) .
In comparison with the RFB diets, the FFB diets had lower NDF content (9.04 vs 11.9% for starter diets and 11.4 vs 13.5% for grower diets) whereas minor differences in ADF content were found between RFB and FFB diets (Table 1) .
No significant differences in gut function parameters were observed between turkeys fed RFB and FFB diets (Table 3 ). In comparison with the RFB diet, the FFB diet significantly reduced the activities of selected enzymes in the caecal microflora: α-galactosidase, α-arabinofuranosidase, α-arabino-pyranosidase and cellobiosidase (Table 4 ). The activities of the remaining enzymes, including β-glucuronidase, were comparable in both groups.
No significant differences were found in the concentrations of most SCFAs in the caecal digesta of turkeys fed RFB and FFB diets, except for the levels of butyric acid and iso-butyric acid, which were significantly higher in the FFB group (Table 4) . Numerical differences in the concentrations of individual acids, which were greatest in the case of acetic acid and butyric acid, resulted in significantly higher total SCFAs concentration in the FFB group, relative to the RFB group. Increased concentration of iso-butyric acid did not lead to higher concentrations of total putrefactive SCFAs in the FFB group, whereas increased concentration of butyric acid eliminated significant differences in the share of butyrate in the total SCFA pool between turkeys fed the C diet vs the RFB diet. 17.3 ab 0.951 0.006 1 data are the means of 8 birds per treatment group; 2 putrefactive SCFAs -the sum of iso-butyric, iso-valeric and valeric acid; ab -means without common superscripts in the same row are significantly different at P ≤ 0.05. Mortality, birds weeks 1 to 8 1 0 1 ND ND 1 data represent mean values of 6 replicates with 16 birds per treatment; NDnot determined FFB used as a substitute for RFB in turkey diets had no influence on the growth performance parameters of turkeys, including BWG, DFI and FCR (all P > 0.05; Table 5 ). During the performance trial, one turkey died in the FFB group, similarly to C group, and mortality rates were not related to any specific dietary treatment.
Discussion
The effect of partial replacement of SBM with RFB It is assumed that due to lower CP content, the replacement of SBM with FB results in an up to 50% increase in the total content of high-protein components in chicken diets (Nalle et al., 2010) . In our experiment, the inclusion of 35% of FB in turkey diets decreased SBM content by approximately 12 percentage points, wheat content by approximately 25 percentage points and soyabean oil content by 2.5 percentage points.
The content and composition of dietary fibre play an important role in gastrointestinal tract functioning in poultry (Choct et al., 2010) . In our experiment, the dietary inclusion of FB seeds increased NDF and ADF concentrations in turkey diets, but it did not affect the basic parameters of gut function, such as the weight, DM content and pH of small intestinal and caecal digesta.
Surprisingly, lower concentrations of caecal ammonia noted in RFB and FFB turkeys did not contribute to the desired drop in the pH of digesta. It is well known that a more acidified large intestinal environment promotes the proliferation of more desirable bacterial species (Zdunczyk et al., 2013) . The acidity of caecal digesta is dependent on many different factors, including SCFA and ammonia concentrations as well as the basic buffering capacity of intestinal digesta. It has been reported that in other caecal fermenters, namely rabbits, basic buffering capacity and SCFA concentrations are variables of paramount importance, whereas ammonia levels are only slightly positively related to the caecal pH value (De Blas et al., 1999) . It seems that in the present study, basic buffering capacity was strong enough to maintain similar pH values in all treatments despite significant differences in SCFA and ammonia concentrations among groups.
The use of RFB in the diet, as a partial substitute for SBM, did not increase the activity of β-glucuronidase which is considered an indicator of adverse changes in the gut microbiota. It is assumed that the activity of β-glucuronidase increases with increasing counts of Escherichia coli and Clostridium in the intestinal digesta (Beaud et al., 2005) .
In the present experiment, partial replacement of SBM with RFB lowered almost four-fold the activity of microbial β-xylosidase in the caecal digesta. This was probably due to the simultaneous reduction in the wheat content of the RFB diet. The activities of other enzymes of caecal microflora, including α-arabinofuranosidase, α-arabinopyranosidase and cellobiosidase, were similar in both groups. No increase was noted in SCFA concentrations in the caecal contents, whereas the share of butyric acid in the total SCFAs pool decreased.
A previous study (Helsper et al., 1996) demonstrated that high tannin content is a factor limiting the use of FB seeds in poultry diets. Tannins reduce feed intake, nitrogen digestibility and dietary energy utilisation in poultry. More recent experiments revealed that diets containing 20-30% of seeds of modern FB varieties had no adverse effect on the growth performance of broiler chickens (Moschini et al., 2005; Gous, 2011) and older turkeys (Przywitowski et al., 2016) . In our study, the inclusion of RFB into turkey diets at 35% did not compromise the growth performance of young birds aged 1 to 8 weeks.
The effect of replacing RFB with FFB
It is shown that the protein content of legumes can be increased by fermentation (Rozan et al., 1996; Hu et al., 2016) . According to Mukherjee et al. (2016) , an increase in protein and fat contents may be partially attributed to a decrease in carbohydrate content during fermentation since microorganisms can utilise the substrate as carbon and energy sources to produce microbial protein. Other studies demonstrated that fermentation significantly increases the content of small-size peptides in SBM as long chained proteins are broken down (Hirabayashi et al., 1998) . Some microbial strains can secrete protease which converts large-size proteins into small-size proteins. This may change the concentrations of selected amino acids and the amino acid profile of proteins (Frias et al., 2008) . In the present experiment, the fermentation process neither increased the protein content of FB seeds nor influenced (via possible changes in the amino acid profile) the growth rate of turkeys.
It is also shown that the fermentation process lowers the concentration of crude fibre (Hu et al., 2016) , as a result of decreasing the content of lignin and other indigestible polyphenolic components (Rozan et al., 1996) . In our study, fermentation decreased NDF content by approximately 2 percentage points as compared with RFB, i.e. to the level noted in the control diet. Simultaneously, there was no decrease in ADF levels in fermented FB seeds, indicating that hemicellulose was not utilised in the fermentation process.
Hemicelluloses contain molecules of xylose, galactose, glucose and mannose linked by β-glycoside bonds, forming xylan, galactan, glucomannan and arabinoxylan found in wheat grain (Bjergegaard et al., 1997) . In comparison with cellulose, hemicelluloses are more readily hydrolysed by enzymes produced by gut microbiota. Moreover, the fermentation made FB oligosaccharides and NSPs more available for caecal microbiota, thus a lower amount of enzymes was sufficient to digest those components or a greater proportion of bacterial enzymes were faster depleted due to increased availability of substrates for bacteria. This could partially explain why in this study increased caecal SCFA concentrations and lower bacterial enzymatic activity were simultaneously observed in the FFB group.
Tannins present in FB seeds could be another factor inhibiting the activity of gut microbiota. According to other authors (Doblado et al., 2003; El-Moghazy et al., 2011) , bacterial fermentation decreases the content of tannins and other antinutritional compounds in faba beans and other legume seeds. In the present experiment, enhanced enzymatic activity of caecal microbiota was not observed, which indicates that the increase in SCFA concentrations in the caecal digesta of turkeys fed FFB resulted from increased amounts of substrate (including hemicelluloses) in the digesta and the synthesis of SCFAs, mostly acetate and butyrate, during fermentation.
SCFAs, in particular butyrate, as the end products of fermentation of non-digestible carbohydrates, play a very important role in the proliferation of epithelial cells and maintenance of their integrity (Quigley, 2011) . The products of microbial fermentation of nondigestible carbohydrates to SCFAs supply additional energy in the amount of 2.8 kJ · g −1 of NSP, which means that NSP contribute approximately 3.5% of metabolizable energy in poultry (Jamroz et al., 2002) . In this study, 35% of FFB increased SCFA concentrations in the caecal digesta, but the growth performance of turkeys fed FFB was similar to that noted in groups fed RFB and C diets.
Conclusions
Dietary supplementation with 35% of faba beans, as a substitute for approximately 12 percentage points of soyabean meal and 25 percentage points of ground wheat, does not compromise the growth performance of young turkeys at 1 to 8 weeks of age, and decreases the concentrations of ammonia and butyrate in the caecal digesta. The use of fermented faba beans does not improve the growth performance of turkeys, but exerts a beneficial influence on fermentation processes in the caeca, which is reflected in the increase in total concentrations of short chain fatty acids, including butyric acid, and a decrease in ammonia concentration in the caecal digesta.
